Children are particularly vulnerable to patient safety concerns due to pediatric-specific and general health care challenges. This scoping review identifies and describes the vulnerabilities of those aged 0 to 18 years to iatrogenic harm in various health care settings. Six databases were searched from 1991 to 2012. Primary studies were categorized using predetermined groupings. Categories were tallied and descriptive statistics were employed. A total of 388 primary studies exploring interventions that improved patient safety, deficiencies, or errors leading to safety concerns were included. The most common issues were medication (189 studies, 48.7%) and general medical (81 studies, 20.9%) errors. Sixty studies (15.5%) evaluated or described patient safety interventions, 206 studies (53.1%) addressed health care systems and technologies, 17 studies (4.4%) addressed caregiver perspectives and 20 studies (5.2%) discussed analytic models for patient safety. Further work is needed to ensure consistency of definitions in patient safety research to facilitate comparison and collation of results.
Background
Patient safety has been defined as "the reduction of risk of unnecessary harm associated with health care to an acceptable minimum," where harm is described as, "arising from or associated with plans or actions taken during the provision of health care, rather than an underlying disease or injury." 1(p19) Some patient safety issues are universal (eg, illegibility of handwritten prescriptions, miscommunication during hand-offs, staff workload), and have the potential to affect patients of all ages. Others can be specific to children, due to unique, age-related differences.
Children are different from adults in a multitude of important ways. 2, 3 These differences, when combined with health care provider and system factors, create specific vulnerabilities for the medical care of children. [4] [5] [6] Recognizing the importance of addressing these vulnerabilities, health care organizations have mandated and created pediatric patient safety programs. The epidemiology of adverse events in children differs from that in adults, and across groups within the 0-to 18-year age range, as well as by specialty and location of the event. [7] [8] [9] Furthermore, children are dependent on adults for their care, and as such, lack direct control over their own medical care. 1, 10 There are other factors in the health care system, particular to how children are cared for, that also create vulnerabilities for iatrogenic harm. For example, much of the health care for children is provided by clinicians who lack specialized training in pediatrics, and as such, may not be familiar with the differing trajectories of disease in children. 11, 12 Any attempt to understand patient safety in pediatrics requires a thorough understanding of the potential for iatrogenic harm created by the following key factors: (a) children's physiological development, (b) their dependency on adults for care, (c) the nature of the settings in which care is delivered, and d) the systems for delivering care to children.
1,10 To our knowledge, there has been no synthesis of the evidence on these factors and their interactions. Our primary objective was to carry out a scoping review on the question, "What is currently known about the vulnerabilities of infants, children and youth (ages 0-18 years) to iatrogenic harm in health care settings?"
Methods

General Approach
Our preliminary scan of the literature showed that mapping what is known in this area would require collating information from a wide range of research designs. 13 Therefore, we used a scoping review methodology. This approach is suitable for examining the extent, range and nature of research activity in a particular area, summarizing and disseminating research findings, and identifying gaps in the existing research literature.
14 Similar to a systematic review, a scoping review uses systematic and rigorous methods to collate and present the research evidence relevant to a particular question. In contrast, a scoping review addresses broad topics for which many study designs may be applicable, and does not include quality assessment of included studies.
14 A scoping review approach is highly suitable for a broad area that has not been previously mapped, as is the case with pediatric patient safety. As a scoping review, this project was not eligible for PROSPERO registration.
Search Strategy
A research librarian searched the following six databases: Medline, ERIC, PubMed, CINAHL, ABI Inform Global and Web of Science. Search results were limited to English language, human studies and publication dates between 1991 and 2012. We selected 1991 as the start year, based on the publication of sentinel work in the area of patient safety during that year. 15 The Medline search strategy is outlined in Appendix A.
Study Selection
Two reviewers independently screened titles and abstracts of studies identified by the database search. The full text of studies assessed as eligible or unclear were vetted by 2 independent reviewers using a standard form (Appendix B). Discrepancies were resolved by consensus or third party adjudication.
We included quantitative or qualitative primary research focused on pediatric (≤18 years old) patient safety in any health care setting. Case reports, commentaries, editorials, guidelines, policy statements, position statements, literature reviews and conference abstracts were excluded from the analysis. We also excluded studies examining errors or outcomes relating to a specific medication, disease state, or procedure.
Data Extraction
Patient safety issues were determined and categorized a priori based on a pilot study and input from 2 team members (AS, SA) who are pediatric emergency department physicians with expertise in health care systems and operations.
There were 5 main data groupings: (a) Processes of Care-safety issues at the level of frontline personnel or individual patients; (b) Systems of Care-higher level processes, technologies, and organizational limitations; (c) Analytic Approaches-use of theoretical or methodological frameworks to investigate patient safety issues; (d) Safety Interventions-studies that have designed and/or implemented patient safety interventions, patient safety indicators or trigger tools, or reported on critical incidents; and (e) Parent/Caregiver Perspective-studies that have explored and integrated perspectives from the patient's family on patient safety. Each main category was subdivided into specific patient safety issues. Appendix C outlines the data extraction form.
One reviewer extracted and managed data using a secure web-based application, Research Electronic Data Capture (REDCap), hosted by the Clinical Research Informatics Core at the Women and Children's Health Research Institute, University of Alberta. 16 One or more categories from the data extraction form were selected in REDCap for each included study based on the main focus of the study. A 10% sample was checked by a second reviewer for accuracy and completeness. Discrepancies were resolved by consensus or third-party adjudication.
Data Synthesis
We conducted a descriptive and qualitative review of the literature. We categorized the literature according to the key areas identified by our preliminary scan of the literature and expert panel (Processes of Care, Systems of Care, Analytic Approaches, Safety Interventions, and Parent/Caregiver Perspective). We described the extent and nature of research in each category, including the context and geographic setting. Within each of the main categories, we followed qualitative research methods using techniques of sifting, charting and sorting material according to key issues and themes.
14 These steps were performed in close collaboration with the expert advisory panel in order to ensure that findings are presented in a manner that aligns with the current structure, understanding and implementation of patient safety initiatives.
Results
A total of 388 primary studies were included in the analysis. Figure 1 shows the flow of studies through the inclusion process and Table 1 summarizes characteristics of the included studies. The majority of studies were conducted in the United States (n = 244; 62.9%), involved a hospital setting (n = 335; 86.3%), and included children of multiple ages (n = 186; 47.9%).
Overall, 298 studies addressed Processes of Care, 206 addressed Systems of Care, 20 addressed Analytic Approaches, 60 addressed Safety Interventions, and 17 addressed parent/caregiver perspectives. The most prevalent patient safety issue was medication (ie, drug) errors (n = 189; 48.7%), followed by medical (ie, management) errors (n = 81; 20.9%). Figure 2 illustrates the prevalence of patient safety topics related to Processes of Care.
Processes of Care
Medication Errors. Medication errors were frequently studied in our sample. These errors were broken down into specific error types as shown in Figure 3 . Nonspecific medication errors (n = 74; 19.0%) and adverse drug events (ADEs; n = 50; 12.9%) were the most common medication error subgroup. Studies were assigned to the nonspecific medication error category if multiple medication error types were analyzed or the authors did not specify types of medication errors examined.
Included studies that investigated medication errors often did so in the context of other data groupings. In the 'System of Care' group, medication errors were mentioned in 31 of 43 "technology" studies, 16 of 33 "staffing/workload" studies, and 14 of 26 "training" studies. Medication errors were also highlighted in 12 of 17 "equipment" studies, grouped under Process of Care, and 19 of 31 "design and implementation of a patient safety program" studies, under the Safety Interventions grouping.
Other notable findings within the medication errors category related to dosing errors and off-label or unlicensed medications. Dosing errors were the main focus of n = 21 (5.4%) studies. These studies found that medication Records identified through database search (n = 8,491)
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Records after duplicates removed (n = 7,008) dosing in pediatrics is especially challenging due to the additional knowledge and skill required for weight-based dosing, conversion calculations, and dilutions. Off-label or unlicensed medications for pediatric patients was the focus of n = 9 (2.3%) studies. Some medications may be unlicensed or used off-label due to limited pharmacological studies and drug registrations for pediatric patients. This evidence gap may increase the risk of adverse drug reactions because the safety and efficacy of unlicensed and offlabel drugs are not well known for children.
Medical Errors. Some authors used broad terms or groupings of patient safety errors. If the main focus of a study was to address a variety of patient safety issues and adverse events, or the authors used general terminology like "medical errors", these studies were allocated to the "medical errors" category (n = 81; 20.9%). There was a wide range of patient safety issues captured in this category and most studies collected data on more than one type of medical error. Some examples include: extra fluids given, failure to employ an indicated test, postoperative wound infection, and pressure sores. Other types of harms grouped into this category were generally described in the literature as iatrogenic harms and nosocomial infections: 6 studies (1.5%) and 5 studies (1.3%), respectively.
Reporting and Disclosure. Reporting and disclosure of patient safety issues or errors was examined in 37 (9.5%) studies. Of these studies, n = 15 related specifically to reporting and disclosure of medication errors; n = 14 studies evaluated an intervention designed to increase or streamline error reporting; n = 6 assessed health care professionals' perceptions of error reporting frequency, why errors occur and/or why errors may not be reported; n = 5 analyzed type, severity, and contributing factors of reported events; n = 4 compared frequency and characteristics of reports submitted using different systems (eg, electronic system vs traditional paper copy system); n = 3 studies described physicians and residents' attitudes and experiences regarding disclosure to families; and n = 2 examined caregivers' preferences for error disclosure.
Equipment. The equipment category was divided into 2 subcategories: tools to improve patient safety (n = 11; 2.8%), and equipment issues affecting patient safety (n = 6; 1.5%). Equipment such as smart infusion pumps and the Broselow Pediatric Emergency Tape were tools found to reduce errors. Mechanical failure, lack of standardization of instruments and monitors, invasion or implantation of medical devices, incorrect usage, and unavailability of proper equipment for certain tasks were cited as equipment issues leading to patient safety events.
Point of Care/Diagnosis. Eighteen studies (4.6%) focused on patient safety at the point of diagnosis. Misdiagnosis and radiograph interpretation discrepancies between radiologists and emergency department physicians or trainees were areas identified as patient safety concerns. Other studies in this category analyzed services aimed at reducing delayed diagnoses, such as an after-hours telephone triage system and a pediatric trauma service, or evaluated the value of audits, surveys, or a reminder system to detect missed injuries. Figure 4 shows the prevalence of patient safety topics addressed by the included studies related to health care systems.
Systems of Care
Technology. The most common patient safety topic relating to Systems of Care was technology (n = 43, 11.1%). The technology category included three subcategories: computer physician order entry, electronic prescribing, and decision support systems (n = 28; 7.2%); information technology, such as electronic incident reporting systems and bar-coding systems for laboratory specimens, and medication administration (n = 18; 4.6%); and other technology, which included 1 study (0.3%) on the use of video recording for trauma resuscitation auditing.
Staffing/Surveillance. The second and third most prevalent categories under Systems of Care were staffing (n = 33; 8.5%) and national surveillance of adverse events and pharmacovigilance (n = 27; 7.0%), respectively. Staffing included workload, work interruptions, fatigue, stress, motivation, attitudes, beliefs, and staff knowledge about patient safety. National surveillance of adverse events and pharmacovigilance studies focused on adverse events or adverse drug events reported to or described by national databases such as the US MED-MARX database or national poison control centers.
Analytic Approaches
The analytic models identified and used by studies in our sample were human factor analysis (n = 9; 2.3%), root cause analysis (n = 5; 1.3%), critical incident technique (CIT; n = 4; 1.0%), and failure mode and effects analysis (FMEA; n = 2; 0.5%). Studies on human factor analysis explored the causes or impacts of human factors (eg, miscommunication, inattention, inexperience) on adverse events and variables associated with those factors (eg, polypharmacy, severity of condition). Root cause analysis was used to identify the source of an error or deficiency, which was then used to inform interventions to prevent patient safety issues. For instance, one study found that new nurses were having difficulties interpreting the results of a specific test. The deficiency originated from the removal of this training section in the undergraduate program, therefore, targeted training and mentoring was implemented. CIT uses incident reports and qualitative data to count and describe problems or behaviors that may lead to errors. Findings from CIT analysis can be used to identify risks and preventative solutions. CIT was used to broadly summarize health care issues (eg, any errors or harms in pediatric medicine) or to describe specific types of errors (eg, factors contributing to medication administration errors). In FMEA, possible system errors and their effects are qualitatively defined in order to recognize and reduce patient safety risks. Of the 2 studies in the FMEA category, one identified potential failure modes, causes and effects of medication use, and then calculated a risk priority score. The other study used failure modes, effects, and criticality analysis (FMECA) which builds on FMEA by quantitatively calculating a criticality index for errors based on the probability of an event occurring, outcome severity, and probability of catching the error before it occurs. FMECA used a process similar to the risk priority calculation in the previous study. Description and classification of these studies would therefore be facilitated by standardized terms and methods of data collection and analysis.
There were overlapping concepts within the four analytical models. For example, human factors such as communication failures were the primary outcome for human factor analysis, but were also identified and described in studies using root cause analysis and critical incident technique. As mentioned, standardized definitions of analytical approaches would be helpful to better describe this main grouping for our scoping review. In general, we found the theoretical frameworks for pediatric patient safety analyses to be sparse and inconsistent.
Safety Interventions
Patient safety indicators and critical incidents were reported by n = 23 (5.9%) and n = 6 (1.5%) studies, respectively. Thirty-one studies (8.0%) designed, implemented and/or reported the impact of patient safety interventions on medical outcomes. The majority of studies focused on designing or implementing a patient safety intervention evaluated the impact of technology (eg, computerized provider order entry systems, webbased incident reporting systems, personal digital dosing references, etc) on medication errors, especially dosing and prescribing errors, administration errors and adverse drug events. Other safety interventions in our sample included education and training programs, staffing adjustments, monitoring adverse events or incident reports and making system improvements, and facilitating a positive safety culture.
Parents'/Caregivers' Perspective
Sixteen studies (4.1%) explored parents' or caregivers' perspectives on patient safety issues or events. Communication barriers between health care professionals and families were commonly cited. For instance, infants and young children often cannot effectively convey concerns, and in unfamiliar situations, patients and caregivers are not aware of all potential risks. On the other hand, tools that improve communication between families and health professionals have been viewed as beneficial. These studies underscore the importance of ongoing and effective information sharing between parents and the health care team to ensure patient safety.
Six studies assessed parents' satisfaction with the delivery of safe health services, or a patient safety intervention. Notably, one study reported that 63% of surveyed parents felt that they needed to watch over health care professionals to ensure errors were not made during their child's medical care. Other studies evaluated caregivers' satisfaction with an adverse events data collection form, short stay ward, treatments recommended or delivered (eg, postdischarge satisfaction with pediatric emergency department sedation in relation to adverse events), and general concerns about medical errors in the emergency department. Two studies explored parents' preferences and attitudes toward disclosure and reporting of errors. Therefore, integrating caregivers' perspectives and preferences into patient safety initiatives will likely lead to more trusting relationships between health care professionals and families, as well as improved approaches to identifying, managing and monitoring events.
Discussion
The main purpose of our scoping review was to map the literature regarding patient safety in order to understand the types of issues studied and their prevalence in the literature. Our results point to areas of pediatric health care that are highly prone to safety events (eg, medication prescribing and ordering, preparation, administration, and dosing errors; medical errors like iatrogenic harm and nosocomial infections; diagnostic errors); health care operations or systems that positively or negatively impact pediatric patient safety (eg, technology, staffing or workload limitations, surveillance of adverse events, training, patient handoffs, organizational culture, or leadership); as well as areas that may benefit from further investigation (eg, patient misidentification, radiation safety, laboratory errors, and hand-washing).
Activities related to the prescription, preparation and administration of medications are associated with a particularly high risk of patient safety events. Safe medication practices involve a number of cognitive and procedural steps, and there are numerous barriers to safe medication use. Individual and organizational factors, such as legibility of the prescription, adherence to protocols, high patient-to-nurse ratio or workload, training and medication knowledge, distractions and interruptions, and many other factors may contribute to medication error events. 2 Pediatric care adds another layer of complexity to medication safety due to weight-based dosing calculations, small dose volumes and the risk of dosing errors, and children's inability to understand or communicate problems.
process includes a clear, complete and appropriate prescription; accurate transcription of handwritten prescriptions, if needed; selection of the correct medication (avoiding incorrect medications that look or sound similar), form and concentration; preparation of the appropriate dose; administration to the right patient at the right time using the right route; and proper documentation. Errors affecting patient safety may occur at one or more of these critical steps. There is a vast body of literature covering all stages of the process, including: technologies or interventions to reduce medication errors (eg, barcode-assisted medication administration systems, computerized physician order entry systems, smart pumps, color-coded medication safety systems, high-alert medication lists, standardized protocols, independent double-checking); ensuring appropriate training, staffing levels, and communication between health care providers and with families to prevent medication errors; a need to change the culture around medication error reporting; and pharmacovigilance and surveillance of ADEs. Recently, several medication safety interventions have been studied.
1,4-7 These articles recommend a variety of strategies to reduce medication errors, such as appropriate training and education, availability of resources (eg, handouts, reference guides), establishment of a unit-based quality committee, system of double checks, distraction-free spaces for handling medications, use of appropriate technology (eg, bar coding system, electronic medication alert system), and standardization of drug concentrations. It is evident that a multifactorial approach is needed to minimize medication errors.
Technology was the most prominent topic of the articles addressing issues related to Systems of Care. This likely reflects the rapid development of technologies to improve patient safety and the demand for advanced tools to streamline and standardize processes. In particular, computerized physician order entry (CPOE) programs with or without decision support features were noted as helpful tools to reduce errors. These programs often include electronic standardized forms; alerts based on weight-based dosing, allergies, and drug-drug interactions; incident reporting; and laboratory and pharmacy system interfaces. Electronic prescription writing or CPOE programs, when properly designed and used, can improve access to legible, pediatric-specific information and represent an innovative strategy to reducing medication and medical errors.
A recurrent problem in the literature was inconsistent definitions and patient safety terminology. For instance, the distinctions between ADE, adverse drug reaction, medication error, and near miss were often blurred in the literature. One study in this review contextualized the difficulty of establishing clear definitions for ADEs in pediatrics due to variances in dosing recommendations or inadequate data on age-appropriate dosing. 18 Other researchers have echoed the need for consistent and standardized terminology, 1,10,11 as it prevents confusion among front-line staff and trainees, ensures proper documentation in incident reporting and facilitates accurate knowledge synthesis processes.
Another gap in the literature was analytic approaches for patient safety. At the outset of data extraction, our goal was to highlight theoretical analytic methods in the literature. Throughout the data extraction phase, however, it became clear that the body of literature regarding pediatric patient safety was largely atheoretical. We identified the need for research applying existing analytic approaches to the pediatric population, or the development of pediatric-specific approaches as areas for future research.
Limitations
In an attempt to capture raw data as it was presented in the literature, we did not maintain fixed a priori categories for the data or formally define each category. As a result, it was difficult to categorize some studies, especially when definitions of patient safety concepts or events were unclear. Reviewers defaulted to the authors' terminology in the included studies to categorize the data; however, this may have led to inconsistencies within or overlap between categories. Having no definitions of categories a priori led us to reorganize the data extraction form to ensure homogeny within categories.
Conclusion
This scoping review has enabled us to identify relevant literature in the area of pediatric patient safety. Through a rigorous and systematic process, combining scoping review methodology and expert consultation, we were able to map the existing knowledge as well as identify where more research or direction is needed. Medication errors were the leading patient safety issue addressed in the pediatric literature. Therefore, policies and interventions aimed at reducing medication errors may have the largest impact in pediatric health care. This work represents an essential first step to identify the factors specific to children that need to be considered when planning and delivering patient safety programs in the health care setting. Further work is needed to build on theoretical frameworks to better structure this body of evidence, and ensure consistency of definitions in patient safety research. 
